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ABSTRACT 

Some  of  the  preparations  necessary  before  the  thermistors  could  be 
installed  are  discussed.  The  many  phases  of  the  construction  operation 
including  thermistor  placement,  laying  of  the  Styrofoam,  etc.,  are  des- 
cribed and  illustrated.  The  collection,  reduction  and  analysis  of  the 
data  are  discussed  and  characterized  "by  typical  graphical  representations. 
The  various  inputs  necessary  for  the  computer  analysis,  based  upon  a  2-D 
heat  flow  model,  are  presented.  It  is  recommended  that  the  study  continue 
as  originally  planned. 


INTRODUCTION 

The  use  of  a  thermal  harrier  beneath  a  highway,  in  order  to  minimize 
frost  damage,  received  impetus  with  the  availability  of  foamed  plastics 
which  are  excellent  insulators.  A  number  of  highway  departments  have 

r  ll 

located  thermally  insulated  test  roads  within  their  states  11 J  ,  and 
Indiana  is  now  gaining  first  hand  experience  on  State  Road  26.  This  is 
necessary  since  soils,  loads,  environment  and  service  requirements  vary 
considerably  in  different  areas. 

This  pasticular  location  waB  chosen  because:  (l)  it  is  close  to 
Lafayette,  which  facilitates  data  collection;  (2)  the  combination  of 
soils,  water  table,  and  temperature  produce  &  probable  frost  problem; 
and  (3)  the  timing  of  the  construction  was  favorable. 

This  report  summarises  progress  on  the  Insulated  Test  Road  Project 
during  the  writer's  affiliation  with  the  activity.  Much  of  the  work 
summarized  herein,  particularly  planning.,  design  and  construction,  was 
undertaken  by  others,  and  the  writer  has  attempted  to  place  the  credit 
where  it  is  due. 

FLASHING  AND  DESIGN 

In  September,  196?  the  JHRP  Board  approved  a  plan  to  locate,  design 
and  construct  an  insulated  teat  road  for  Indiana.  In  July,  1968  Stulgis 
[3]  reported  such  a  plan,  utilizing  a  one-dimensional  heat  flow  model  for 


1.  Numbers  in  brackets  refer  to  listings  in  the  Bibliography,  page  U5, 


design  guidance.  Late  in  1968,  Ho  [l]  developed  a  two-dimensional  heat 
flow  model,,  and  it  was  deemed  desirable  to  alter  the  pattern  proposed  by 
Stulgis  for  the  temperature  sensors. 

In  the  meantime,  however,  altering  the  pattern  had  become  physically 
difficult.  The  Research  and  Training  Center  had  decided  to  use  thermistors 
as  the  temperature  sensors  ,  and  to  wire  and  pot  {ox*  seal)  these  in  the 
laboratory  into  a  complete  assembly ,  including  the  terminal  box,  ready 
for  burial.  This  permitted  better  handling,  sealing,  end  calibration  of 
these  delicate  sensors,  and  reduced  delays  to  the  road  contractor  during 
the  installation.  As  the  pattern  had  to  be  adapted  to  the  physical  con- 
straints of  the  existing  assembly,  there  was  a  loss  in  the  order  of  the 
alpha-numeric  coding.  Figures  1  through  3  show  the  positions  of  the 
temperature  sensors ,  and  Table  1  lists  the  exact  locations  relative  to 
the  ground  surface. 

Under  the  direction  of  Mr.  ¥alsh5  various  potting  compounds  for  the 
thermistors  were  tested.  Each  eneapsrolated  sensor  was  calibrated  by 
emersing  the  thermistor  in  water  of  a  known  temperature  and  recording 
the  resistance  across  it  on  an  obxameter.  This  was  done  for  various  water 
temperatures  between  21  P  and  ?2  F.  A  sample  curve  is  shown  as  Figure  h. 
Curves  for  all  102  temperature  sensors  in  operation  are  on  file  at  the 
Research  and  Training  Center. 

CONSTRUCTIOB 

Installation  of  the  thermistors  began  in  ear3y  July  1969.  Three 
trenches  approximately  two  feet  wide  and  four  feet  deep  were  dug  from  the 
centerline  to  the  north  ditch;  one  eaeh  at  Stations  1Q1  *  00  (Section  "E"), 
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table  i 

thermistor  locations 

section  a 


Kotation 

Distance  From 
Centerline  (Ft) 

Elevation  (Ft) 

Depth  From 

Surface  (in) 

! 

A-6~a 

0 

530.93 

1 

-Tj 

0 

530.80 

2.5 

~e 

0 

530=51 

6 

-a 

0 

529=8^ 

Ik 

«*<£■ 

0 

529. ks 

19 

»f 

0 

529.1*3 

19 

A-l-e 

0 

529.00- 

2k 

-d 

0 

52?. ?6 • 

39 

-f 

o 

526.26 

5T 

_e 

0 

523. 16 

87 

-& 

0 

520.76 

123 

A-7-b 

11 

530-08 

8.5 

•?* 

11 

529. T3 

■£*£~  a  ^5 

-g 

11 

529-31 

17  5 

A-2-g 

JbkL 

529,06 

20.5 

A-3-b 

ii 

528, 6k 

25.5 

-e 

ii 

527. 6k 

37.5 

~d 

ii 

526, Ik 

55.5 

-c 

ii 

523.6k 

85.5 

~a 

XX 

520 ,6k 

121 0  5 

A-7-e 

15 

530.00 

7.5 

-e 

15 

529-69 

11 

-d 

15 

529-27 

16 

A-5-b 

15 

529=02 

19 

■-- 

15 

528,60 

2k 

-d 

15 

527.1*3 

38 

-f 

15 

526,10 

5k 

~e 

15 

523,60 

8k 

-a 

15 

520,60 

120 

A-T-a 

21 

529 .  55 

10 

A-2~c 

21 

529.05 

16 

~d 

21 

528060 

21 

-e 

21 

527.60 

33 

-b 

21 

526.10 

51 

-f 

21 

523.60 

81 

-a 

21 

520 060 

117 

A~k»b 

36 

527.60 

6 

-e 

36 

527.10 

12 

-d 

36 

526.10 

2k 

-e 

36 

523.50 

5k 

-a 

36 

520.85 

8? 

TABLE  1  (CONT'D) 
THERMISTOR  LOCATIONS 
SECTION  B 
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Notation 

Distance  From 

Elevation  (Ft) 

Depth  From 

Centerline  (Ft) 

Surface  (in) 

B-6-a 

0 

527.55 

1 

-b 

0 

527.  te 

2.5 

-c 

0 

527.13 

6 

-d 

0 

526.55 

13 

-e 

0 

526.55 

13 

B-l-c 

0 

526.26 

16.5 

-b 

0 

525. 8h 

21.5 

-a 

0 

52k. Bh 

33.5 

~f 

0 

523.3** 

51.5 

-e 

0 

520. 8U 

81.5 

-a 

0 

517. 3U 

123.5 

B»?-d 

17 

526.58 

7 

-e 

17 

526o 36 

10 

B-2-e 

17 

526.07 

13 

B-3-b 

17 

525.66 

18 

-c 

17 

52h. 66 

30 

-d 

17 

523.16 

U8 

-e 

17 

520.66 

78 

-a 

17 

516.61 

127 

B-7-c 

21 

526.32 

8 

-b 

21 

526.31 

8.5 

B-5-b 

21 

526.02  - 

12 

-c 

21 

525.61 

16.5 

™d 

21 

52U.6.1  . 

28.5 

-f 

21 

523.11 

H6.5 

-e 

21 

520.61 

76.5 

-a 

21 

517.11 

118.5 

B-7-a 

27 

525.86 

*.5 

-f 

27 

525.52  - 

8.5 

B-2-e 

27 

52U.61- 

19.5 

-d 

27 

523.11 

37.5 

-b 

27 

520.61 

67.5 

-a 

27 

519.11 

85.5 

-f 

27 

517.11 

109.5 

B-lM> 

1*1 

522.36 

18.5 

-c 

kl 

520.61 

39.5 

-d 

kl 

519.11 

57.5 

-e 

kl 

517.11 

81.5 

1      -a 

kl 

515.37 

102.5 

TABLE 

1  (CONT'D) 

THERMISTOR  L0CATX0N8 

SECTION  C 

Notation 

Bistsnee  Frcaa 

Elevation  (Ft) 

Dspth  From 

C-fe-e 

Centarline  (Ft) 
0 

Surfaee  (in) 

529. 2k 

1 

-d 

0 

§29.11 

2.5 

~e 

0 

528.82 

6 

-f 

0 

528.15 

Ik 

-6 

0 

52?. 65 

20 

C-l-a 

0 

527.59 

21 

-b 

0 

527.15 

26 

»c 

0 

526.15 

38 

=ji 

0 

52U.65 

56 

-e 

0 

522.15 

86 

-f 

0 

519.15 

122 

C~U=a 

11 

528.32 

9 

»b 

11 

52S.Qk 

12.5 

C-2-a 

21 

52T.00 

25 

-c 

11 

526.034 

36,5 

-d 

11 

52^. 5^ 

5^.5 

-b 

11 

520. 0*! 

108.5 

C-5-a 

23 

52? .92 

8 

-b 

23 

52?>,2 

Ik 

-o 

23 

526.92 

20 

-d 

23 

525,92 

32 

C»3-c 

23 

524. k2 

50 

~b 

23 

521.92 

80 

-a 

23 

518.92 

,    .       ■    11 

116 

10 


103  +  00  (Section  "C"),  and  105  +  00  (Section  "A").  See  Figure  5.  Holes 
were  augered  in  the  bottom  of  the  trenches  at  specified  locations  and  to 
the  required  depth  for  the  deepest  sensor.  Figure  6  shows  the  drilling 
rig  in  operation.  Bag  samples  were  taken  at  various  elevations  for  index 
and  other  testing.  Vertical  control  was  maintained  with  an  engineers 
level. 

After  the  deepest  thermistor  was  placed,  sand  was  "rained"  into  the 
hole  to  fill  to  the  level  of  the  next  thermistor.  Backfilling  with  sand 
rather  than  the  original  material  was  a  compromise,  i.e.,  the  artifacts 
produced  by  the  sand  were  judged  to  he  less  serious  than  those  produced 
by  inadequate  filling  and  compaction  of  the  original  material. 

Sensors  at  trench  level  were  pushed  into  the  trench  wall.  If  this 
was  too  difficult,  the  tip  of  a  stake  was  used  to  create  a  hole  for  the 
thermistoz'.  See  Figure  7.  The  cables  were  run  up  the  trench  wall  and 
held  in  place  by  means  of  wire  clips  pushed  into  the  wall.  Those  to  be 
placed  near  the  subgrade  elevation  were  "stored"  at  a  lower  level,  along 
with  the  cable,  to  be  permanently  located  later.  This  was  necessary  be- 
cause the  subgrade  still  needed  fine  grading.  The  cables  to  the  terminal 
box  were  led  along  the  bottom  of  the  trench  to  the  side  and  the  excess 
was  buried  with  the  terminal  box  in  a  convenient  temporary  location.  To 
provide  some  protection,  the  box  and  cables  were  covered  with  plastic 
sheets  before  the  trenches  were  backfilled. 

Trench  backfilling  was  accomplished  by  somewhat  diffferent  methods 
at  each  location.  At  Section  "Cn,  Station  103  +  00,  a  layer  of  sand  was 
placed  in  the  trench  by  hand  and  compacted  with  the  vibrator  shown  in 
Figure  8.  The  objective  was  to  minimize  the  possibilities  of  damage  to 
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Figure  <£.  Drill  Rig    in  Operation 
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the  thermistors.  Backfilling  was  then  completed  by  a  front-end  loader. 
•The  trench  at  Section  "A"  was  filled  completely  by  hand  and  vibrated  in 
layers.  It  was  watered  twice  in  the  process.  Pinal  compaction  was  by 
rolling  with  a  scraper.  In  the  case  of  Section  "3",  a  first  layer  was 
placed  by  hand,  and  the  remainder  was  filled  and  compacted  by  a  scraper, 

It  should  be  noted  that  the  soil  profile  has  been  interrupted  by 
sand  filling  of  the  drilled  holes  and  by  the  various  trench  backfilling 
procedures . 

After  the  contractor  had  completed  the  subgrade,  the  stored  ther- 
mistors were  permanently  located.  The  terminal  boxes  were  also  raised 
to  about  one  inch  below  the  surface. 

The  insulation  boards  were  two  feet  by  eight  feet  by  the  required 
thickness;  those  placed  at  Section  "A"  were  one  inch  thick ,  at  Section  WB"S 
one  and  one-half  inch  thick.  The  Dow  Chemical  Company  product,  Styrofoam 
Hi  was  used.  The  boards  were  placed  outward  from  the  eenterline  with  the 
plain  butt  joints  occurring  at  the  said-length  of  the  adjacent  string  of 
boards.  This  is  shown  in  Figure  9.  The  total  width  of  insulation  is  U6 
feet  at  Section  "B"  and  31*  feet  at  Section  "A".  The  length  is  200  feet,  100 
feet  on  each  side  of  the  station  where  the  sensors  are  located.  The  boards 
were  nailed  to  the  subgrade  with  four-inch  wooden  spikes  to  keep  them 
butted  together  firmly.  Considerable  care  was  exercised  to  avoid  driving 
a  spike  into  a  thermistor  or  cable. 

After  the  Styrofoam  was  installed ,  the  subbase  or  base  course  material 
was  placed.  It  was  dumped  from,  the  trucks  and  spread  by  a  front-end  loader. 
Spreading  progressed  from  Section  "C"  to  Section  "A".  As  indicated  by 
Figure  10,  the  spreader  worked  on  the  gravel,  never  directly  on  the  boards. 
At  one  point  a  board  buckled,  as  shown  in  Figure  11.  It  was  flattened, 
weighted  by  shovels  of  the  base  material,  and  covered  normally. 
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The  spreading  at  Section  "B"  was  accomplished  more  rapidly  by  using 
two  front-end  loaders  and  a  scraper,  and  by  working  from  both  ends  toward 
the  middle.  This  technique  produced  no  noticeable  buckling  or  other  un- 
desirable effects.  After  placement  and  compaction  of  the  first  grannlar 
lift,  further  placement  and  compaction  proceeded  in  a  normal  meaner.  A 
small  portion  of  the  insulation  was  uncovered  in  Section  "A"  to  inspect 
for  evidence  of  dexeage  caused  by  construction.  Eone  was  found  at  this 
location. 

The  nest  step  was  placaaent  of  the  thermistors  in  the  subbase  and 
bese  materials.  This  was  done  by  trenching  through  the  granular  materials, 
luring  the  cables  along  the  top  ©f  the  Styrofoem,  and  pushing  the  thermistors 
into  the  trench  wall.  The  trench  ws$  then  baekfilled  and  reessapaetei.. 
The  upper-most  sensors  were  placed  in  the  bituminous  material  by  digging 
out  and  patching.  See  Figure  12.  All  such  thermistors  lay  below  the  final 
surface  layer. 

After  all  paving  sad  side  slop®  graiiag  was  completed,  the  terminal 
boxes  e&d  remaining  thermistor©  were  given  final  placement.  A  trench  was 
dug  from  the  temporary  terminal  bos  locations  to  the  extreme  thermistor 
locations  outside  the  paved  area.  Holas  were  angered  at  the  appropriate 
locations  in  the  trenches.  The  thermistors  were  lowered  individually  to 
the  predetermined  elevations  and  backfilled  by  raining  sand  into  the  bore 
holes.  A  careful  check  was  kept  on  the  elevations  with  a  surveyors  level. 

A  1  l/i&-ineh  diameter  perforated  pipe  was  installed  in  the  ditch 
section  at  Station  lOfe  +00,  for  water  level  observations.  A  weather 
station  was  installed  just  west  of  the  Bossville  town  limits,  south  of 
State  Road  26*  on  state  right-of-way.  It  consists  of  a  standard  shelter, 
7-day  thermograph,  and  a  non-recording  rain  gage. 


20 


HI 

> 

& 

111 

X 

h 


o 


IL 

o 

I- 

21 
UJ 

x: 

UJ 

< 

-I 
CL 


UJ 
0> 
D 
vD 

IT 


21 


Finally,  concrete  boxes  were  fosraed  below  the  ground  surface  at  the 
three  sections  to  provide  permanent  locations  for  the  terminal  boxes. 
Figure  13  shows  the  concrete  base  for  the  box  and  Figure  Ik  shows  the 
arrangement  of  the  terminals  in  the  box  before  esrfcra  cable  was  added.  Each 

box  has  a  metal  lid  secured  by  2  padlocks.  The  extra  cable  was  added  to 
the  terminals  to  make  it  possible  to  take  readings  in  the  comfort  of  a  car.o. 
an  important  convenience  in.  sub-freesing  temperatures. 

The  first  readings  of  the  thermistors  ware  taken  on  November  12 9  1969, 
with  a  regular  schedule  of  reading  beginning  on  November  20,  1969. 

DATA  COLLECTION 

Responsibility  for  the  collection  of  data  lies  with  the  Research  and 
Training  Center.  It  has  been  agreed  that  reading  ones  a  day  on  working 
days  will  be  sufficient  until  eaough  data  and  predictions  are  generated  to 
indicate  that  a  different  time  interval  is  necessary.  Once  a  week  the 
chart  fro©  the  thermograph  (See  Figure  15)  is  replaced.  High  and  low 
temperatures  for  each  day  are  extracted  from  such  charts  sad  the  daily  means 
are  calculated. 

Figure  15  is  a  sample  data  sheet  of  resistances  and  Figure  17  shows 
the  form  originaHy  used  to  record  the  temperatures.  A  revised,  more  con- 
venient form  is  shown  as  Figure  18. 

The  Research  end  Training  Center  is  planning  to  compile  two  separate 
reports  oa  the  project.  One  report  will  be  a  compilation  of  the  data. 
The  second  report  will  cover  the  instrumentation  procedure  and  development. 
These  reports  will  be  on  file  at  the  Center  for  reference  by  anyone  interested 
in  this  type  of  project. 
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DATA  AMLYSIS 

The  dependent  variable  is  of  course  temperature  (0).  Principle 
independent  variables  are  those  of  position  ((x)  transverse,  (Y) 
longitudinal  and  (z)  depth)  end  time  (t). 

A  number  of  options  are  "being  exercised  in  the  graphic  representation 
of  the  data.  One  possibility  is  to  interpret  temperature  contours  on  the 
profiles,  particularly  the  32  F  line,  holding  (y)  and  (t)  constants  ■anile 
varying  (x)  and  (z).  Other  possibilities  are:  (l)  holding  (x)   and  (y) 
constant  and  varying  (t)  and  (z)»  and  (2)  holding  (x)  and  (t)  constant 
while  varying  (y)  sad  (s).  The  latter  is  something  of  a  problem  because 
the  cross-sections  are  different  at  each  of  the  three  stations  of  measure. 

In  additions  the  two  insulated  sections  can  ha  compared  by  plotting 
temperature  with  depth  beneath  the  Styrofoesa.  Or  a  plot  of  temperature 
with  time  for  a  particular  thermistor  or  several  thermistors,  coupled 
with  a  plot  of  air  temperatures  vs.  time,  shows  time  lag  effects.  Example 
of  selected  plots  are  contained  in  Figures  19  through  23. 

From  the  limited  data  collected  to  date  the  insulation  appears  to  be 
functioning  well.  Temperatures  are  substantially  higher  below  the  Styrofo&m 
than  above  it,  while  the  control  section  exhibits  a  rather  uniform  tem- 
perature gradient  throughout.  The  data  also  show  that  temperatures  are 
reduced  above  the  Styrofoam  relative  to  the  uninsulated  section.  Apparently 
the  insulation  is  effectively  blocking  upward  heat  flow  from  the  warmer 
.soil  at  depth. 

COMPUTER  PROGRAM 

The  comparison  of  the  actual  temperature  readings  with  those  pre- 
dicted by  the  2-D  heat  flow  model  is  an  important  aspect  of  this  project. 


3k 


As  e  first  step  in  the  preparation  of  the  program  it  ie  necessary  to 
divide  the  three  sections  into  elements  or  cells.  The  temperature  will 
he  predicted  in  the  center  of  each  cell  and  therefore  the  sections  were 
divided  to  make  the  points  of  prediction  as  close  as  practicable  to  the 
real  thermistor  locations.  Figures  2k  through  26"  show  the  three  sections 
and  their  cells.  Sach  section  is  divided  into  rectangles  (cells)  of 
various  sizes  "by  horizontal  and  vertical,  lines.  The  space  between  two 
horizontal  lines  is  called  a  row,  while  the  space  between  two  vertical 
lines  is  called  a  column.  The  origin  for  both  row  and  column  numbering 
is  the  pavement  surface  at  the  centerline  if  the  road.  The  various  types 
of  cells  are  illustrated  in  Figure  27.  The  types  and  dimensions  of  the 
cells  are  given  in  Table  2. 

The  input  data  required  for  the  2-D  heat  flow  model  consists  of 
daily  mean  air  temperatures ,  boundary  temperatures  in  the  soils  cell 
types,  equations  for  the  amount  of  soil  water  frozen  with  temperature,  and 
the  unit  weightB  water  content,  volumetric  heats  and  thermal  conductivity 
of  the  various  materials. 

The  input  temperature  data  required  will  be  obtained  from  actual 
temperature  measurements  at  the  site.  The  first  few  weeks  accumulation 
of  daily  mean  air  temperatures  is  given  in  Table  3.  Assumed  equations 
for  the  amount  of  soil  water  frozen  with  temperature  are  given  in  Table  U. 
As  a  first  approximation  of  the  unit  weight,  water  content,  volumetric 
heat,  and  thermal  conductivity  of  the  materials,  the  values  used  by 
Stulgis  [3]  will  be  applied.  These  are  given  in  Table  5. 

No  predictions  have  been  carried  out  to  date,  significant  discre- 
pancies between  measurements  and  predictions  may  motivate  several  research 
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TYPES    OF  CELLS 

Type  Of  Cell  Refers  To  The  Boundary 
Conditions  Of  The  Cell  As  Shown  Below: 


Type0  Cell         Type  2  Cell         Type  3  Cell       Type  4  Cell 


Type  5  Cell        Type  ^  Cexl      Type  7  Cell       Type  8  Cell 


Type  9  Cell     Type   io  Cell     Type  14  Cell 


mtitituui  Section    Boundaries 

x  x  *  n  k  x  k   Section    Boundaries   >And 

/Assumed  Thermal  Boundaries 

Cell  Types    II,  \Z)  And  13  Are  Not  Required 
For  This    Particular   Problem 


FIGURE  27 
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TABLE  2 
TYPES  AMD  DIMEN320KS  OP  CELLS 


SECTION  "A":  58  CELLS 


Column 

i 

2 

3 

k 

5 

6 

7 

"""""■"■ — -~$y.dth  ( in  ) 

Sow 

Thi  ckisesB  ( inj      -^^. 

12" 

96" 

k8" 

k&' 

96" 

96" 

72" 

1 

5" 

5 

1* 

k 

7 

«« 

^ 

_ 

2 

9" 

2 

1 

1 

1 

T 

— 

_ 

3 

g*i 

2 

i 

1 

l 

lH 

» 

~ 

h 

1" 

2 

1 

j_ 

1 

ll» 

— 

— 

5 

2" 

2 

1 

.  1 

1 

lfc 

— 

— 

6 

8" 

2 

1 

1 

1 

7 

- 

T 

16" 

2 

1 

1 

1 

1 

1 

6 

8 

19" 

2 

1 

1 

1 

1 

1 

3 

9 

in" 

2 

1 

1 

1 

I 

1 

3 

10 

ii" 

9 

8 

8 

8 

8 

8 

10 

SECTXOI  "B":     50  CELLS 


Golrassa 

1 

2     ■ 

3 

Is 

5 

6 

7 

"^ — ^Idth 

How 

Thickness^--^ 

12" 

168" 

U8" 

1»8" 

96" 

96" 

H8M 

1 

5" 

5 

fc 

It 

7 

<=* 

„„ 

ca 

2 

11" 

2 

1 

1 

1 

7 

_ 

_ 

3 

1  1/2 

2 

1 

1 

Ik 

«. 

— 

2* 

k  1/2 

2 

1 

1 

1 

14 

_ 

_ 

5 

y 

2 

1 

1 

1 

H 

— 

«. 

6 

20" 

2 

1 

i 

1 

1U 

— 

— 

7 

2kn 

2 

1 

1 

1 

1 

7 

6 

8 

28" 

2 

1 

1 

1 

1 

1 

3 

9 

22" 

9 

8 

8 

8 

8 

8 

10 

TABLE  2  (CONT'D) 
TYPES  AHD  DIMEHSIOSS  OP  CELLS 


ko 


SECTION  "C 


«r<»  , 


30  CELLS 


Column 

1 

2 

3 

k 

-j*idth(in) 

Bow 

Thickaasa^^- — ^ 

12" 

I»8" 

lW 

1W 

1 

5" 

5 

i» 

T 

.g. 

2 

10" 

1 

1 

1 

6 

3 

6" 

1 

1 

1 

3 

k 

12" 

1 

1 

1 

3 

5 

13" 

1 

1 

1 

3 

6 

23" 

1 

1 

1 

3 

7 

37" 

1 

1 

1 

3 

8 

Ifc" 

9 

8 

8 

10 

kl 


TABUS  3 
MEM  AIR  TEMPERATURES 


DATE 

__Jp££L_ 

Kov.  26 

39.3 

27 

33.3 

23 

27.3 

29 

32.5 

30 

3^.5 

Dec.  1 

32.0 

2 

35. U 

3 

3^.0 

k 

27.5 

5 

28.5 

6 

3U.5 

T 

33.0 

8 

33.5 

9 

37.0 

10 

35.3 

11 

3*}.0 

12 

26.0 

13 

35.^ 

Ik 

32.8 

15 

3^.0 

16 

30.0 

IT 

32.5 

18 

33.6 

19 

26.3 

20 

23.5 

21 

26.8 

SATE 

T(°F) 

Dec. 

22 

29.8 

23 

17.5 

2k 

12.0 

25 

27.3 

26 

2U.8 

27 

22.2 

28 

28.5 

29 

32. C 

30 

31.5 

31 

29.0 

Jea. 

1 

2fc.0 

2 

22.7 

3 

12.0 

1* 

17.5 

k2 


TABLE  k 
ICE  FORMATION  RELATIONS  IN  EXPONENTIAL  FORM 

SECTION  "A" 


CELLS 

(l,l),(l,2),(l,3)    DRY  CELLS 

(l,fe),(2,l),(2,2),(2,3)  , 

(2SU},(2S5),C3S1)»       PERCENT  WCA  FROZEN  «=  100.00-E3Q?(.l67,,9?(l9J,K)'N-.733) 
(3,2),(3,3).(3,10,(3,5) 

(2»sl),C^s2),(i»s3),(UsU)   DRY  CELLS 

(fc,5h  &  ALL  OTHERS    PERCENT  WC  FROZEN  =»  62.00-EXP(.253sT(ltJ,KK-3.977) 

SECTION  "B", 
(1,1), (1,2)   DRY  CELLS 

(2S3)9(29ii)9(295)^292^  FSRGEI?T  WC  FROZEN  ■  10O.O0-EXP(.l£7«T(l,J,K)+-.733) 

(3,l),(3,2M3,3),(3,ll)  DRY  CELLS 

(3,5),  S>  ALL  OTHERS  PERCENT  WC  FROZEN  ■  62.00-EXP(.253*T(l,J,K)+-3.977) 

SECTION  "C" 
(l,l),(l,2),(l,3)  mi  CELLS 

(s'llis^lis^liB*!*)'  PSRCMT  WC  FH0sa  s  100.00-BXP(.l67«T(l,J,K)+-.733) 
ALL  OTHERS   PERCENT  WC  FROZEN  «=  62.00-EXP(.2?3*?(l,J,K)*-3.977) 


1.  PERCENT  WC  «  water  content  in  percent.  See  Ho  £l]  for  additional 

explanations . 
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TABLE  5 
PROPERTIES  OP  THE  CELLS 


SECTIOH  "A" 


cells 
(row,  column) 

unit 
veight(pcf ) 

veter 
content  ()0 

Volumetric 
heat(btu/ffc3/°F) 

Conductivity 
(btu/*t/hr/  F 

(1,1), (1,2), 
(1,3) 

1U3 

0 

Co  =  cl9  *  3°'5 

k  =  c.G  •*•  0.8U 

(l,k),(2,l)s 
(2S2),(2,3), 
(2,U),(2,5) 

1U5 

U 

c  =  c,0  +  25. ^ 
o    1 

k  =  c  ©  +  1.9 

(3,lKC3,2), 
(3,3)S(3,U), 
(3,5) 

120 

k.B 

c  =  c_Q  •«•  25. fc 
o    1 

k  =  c  0  +  1.9 

(U,l),(^,2)s 
(MUM) 

1.8 

0 

c  =  e,9  *  0.5 

O     X 

k  »  c3©  ■»•  0.022 

(1»,5)  &  all 
others 

108 

17 

c  =«  c,0  +  21.6 
o    1 

k  =  c-0  +  1.17 

SECTIOS  MB" 


cells 

unit  wgt. 

voter  content 

Volumetric  heat 

Conductivity 

(1,1), (1,2) 

1H3 

0 

c  =  c,0  +  30.5 

k  »  c-©  +  0.8U 

(1,3), (1,4), 
(2S1),£2S2), 

(2,3),(2,U)3 

(2,5) 

ll»5 

U 

c  «  c.O  •»■  25. b 

O            i. 

k  =  c  Q  *   1.9 

(3,1),(3,2)9 
(3,3), (3,U) 

1.8 

0 

c  «  c.9  *  0.5 
o    i 

k  =  c_©  +  0.022 

(3,5)  &  all 

others 

108 

17 

c  =  c..©  +  21.6 

O     A 

k  =  c_0  +  1.17 

kk 


SECTIOB  WC" 

TABLE  5  (CONT'D) 
PKOPERTIES  OF  THE  CELLS 

cells 

unit 
wififrt([pef). 

water 

content (?) 

Volumetric 

aeat(bta/ft3/°F 

Conductivity 

Cbtu/ft/hrA 

(1,1), (1,2), 
(1,3) 

H»3 

0 

e  «  e,S  +  30.5 
o    1 

k  =  c  ©  +  0.8U 

(2,l)s(2,2), 
(2,3), (2,!*) 

1^5 

h 

e  ■  e,9  +  25. b 

O      X 

k  =  c  0  +  1=9 

(3S1),(3,2), 
(3,3), (3,^) 

120 

U.8 

c  =»  c,e  ♦  25. *» 

O     J. 

k  «  e.9  +  1.9 

all  rest 

108 

:a 

e  =  c,0  +  21.6 
o    1 

k  »  c_©  «■  1.17 

Bote : 


0  =  Temperature 


c_  and  o-  •=  constants  =  0  for  these  materials 

(Cell  (2,3)  refers  to  the  sell  in  row  2  and  column  3) 
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activities.  One  of  the  more  obvious  of  these  would  he  the  refinement 
of  physical  and  thermal  property  input  for  the  prediction  model.  The 
Research  and  Training  Center  has  site  information  and  soil  samples 

available  for  this  purpose. 

SUMMARY 

The  construction  of  the  Indiana  insulated  test  road  near  Rossville 
has  been  successfully  completed.  The  instrumentation  is  in  place  and  all 
but  a  few  of  the  thermistors  appear  to  be  operating  in  a  satisfactory 
manner. 

Routine  data  collection  has  begun,  and  the  preliminaries  for  pre- 
diction of  the  thermal  regime  have  been  completed.  There  appears  to  be 
no  deterrent  to  implementation  of  the  total  performance  study  as  pre- 
viously planned. 
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